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Report  No.  8926-I34 
Material  -  Aluminum  -  2024-T6 
Effect  of  Artificial  Aging  on  Rivet  Strengths 


Abstract 

Conventional  "ice-box**  stored  as  quenched  2024  aluminum  alloy  rivets  are 
troublesome  in  production  because  of  their  instability  at  room  temperatures. 
The  instability  results  from  natural  aging  and  resulting  hardening  \Aiich 
interfere  with  rivet  usefulness.  Artificial  aging  at  some  elevated 
temperature  was  considered  as  a  means  for  stabilizing  rivet  properties 
throughout  their  production  and  use.  Preliminary  tests  indicated  that 
satisfactory  material  properties  could  be  developed  in  2024  rivets  by 
aging  them  at  398®F  for  3-3/4  hours,  however,  question  remained  regarding 
the  reproducibility  of  artificial  aging  results  with  commercially" produced 
2024  alumlniam  alloy  rivet  wire.  A  lengthy  test  program  involving  a  wide 
variety  of  rivet  and  rivet  Joint  configurations  was  conducted  to  verify  the 
validity  of  the  artificially  aged  rivet  and  its  reproducibility  in  practice. 
These  tests  indicated  that  the  properties  spread  resulting  from  a  combina¬ 
tion  of  composition,  aging,  and  use  conditions  resulted  in  inconsistency  in 
joint  behavior,  and  consequently  the  artificially  aged  2024  aluminum  rivet 
was  abandoned. 

References:  1.  Stier,  H.  H.,  Langford,  G.  J.,  Turner,  H.  C.,  "Test  of 
Artificially  Aged  2024  Aluminum  Alloy  Rivets,*'  General 
Dynamic s/Convair  Report  MP  57-922,  San  Diego,  California, 

20  Jime  1958  (Reference  attached). 

2.  Miller,  R.  A.  Steurer,  W.  H.,  "Test  of  Artificially  Aged 
2024  Aluminum  Alloy  Rivets,"  General  Dynamic s/Convair 
Report  MP  57-922,  App.I,  San  Diego,  California,  28  January 
1959  (Reference  attached). 
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During  the  past  1  1/2  years  the  Structures  Design  Group  has  submitted  seven  test 
requests*  to  the  Materials  and  Processes  Laboratory  to  obtain  data  relative  to 
the  substitution  of  over«aged  2024  aluminum  alloy  rivets  for  "lee  box"  rivets* 
Except  for  the  original  preliminary  survey  (see  Report  No,  56-191),  no  formal 
report  was  made  for  any  of  the  subsequent  test  requests  due  to  the  continuous 
pressure  for  obtaining  additional  data  as  quickly  as  possible  to  expand  or  com¬ 
plete  the  picture  being  developed. 

Rejection  by  CAA  of  Convalr's  original  application  for  permission  to  use  over¬ 
aged  rivets  in  restricted  areas  of  the  Convalr  440  created  the  need  for  a  rapid 
Increase  In  experience  with  this  rivet  if  an  early  second  application  was  to  be 
submitted  before  phase-out  of  the  440  program. 

Since  CAA  decided  to  demand  a  wider  scope  of  data  than  was  specified  when  the 
idea  of  over-aged  rivets  was  originally  presented  to  them,  the  Convalr  Structures 
Design  Group  asked  that  many  more  combinations  of  rivet  sizes,  rivet  head  shapes 
and  sheet  sizes  be  investigated  as  soon  as  possible.  The  new  demands  emphasized 
countersunk  rivets  which  proved  to  be  the  greatest  stumbling  block  in  this  pro¬ 
ject,  To  determine  the  optimum  conditions  for  sufficient  joint  strength  without 
excessive  shop  head  cracking,  various  aging  cycles,  rivet  shank  protrusions,  de¬ 
grees  of  upsetting  of  shop  heads,  squeezing  tools,  shank  chamfer,  etc,,  were 
evaluated  for  lOO^-head  rivets.  In  the  final  phase  of  this  project  lifted  pro¬ 
duction  experience  with  the  over-aged  rivets  was  obtained  when  the  details  of 
heat  treatment  of  rivets  and  fabrication  of  test  panels  had  been  agreed  to  by  both 
the  Structures  Design  Group  and  the  Production  Department. 

Even  the  best  of  the  data  obtained  for  the  test  requests  listed  above  were  re- 
peatery  marginal;  that  is,  most  of  the  data  were  satisfactory  except  for  a  few 
individual  specimens  in  a  group  and  occasionally  an  entire  group  of  six  identical 
specimens  which  exhibited  shear  strength  values  considerably  lover  than  the  AHC-5 
requirements  for  "ice  box"  rivets. 

This  report  presents  the  final  phase  of  this  project:  a  recheck  on  many  of  the 
test  groups  involving  100o«.head  rivets  which,  in  previous  tests,  had  displayed 
an  unacceptable  degree  of  spread.  The  results  of  previous  tests  of  aged  rivets 
are  given  in  appendices  to  this  report.  »* 


•  T.N.'s  56-191,  56-699,  57-201,  57-122,  57-479,  57-614,  57-922. 

**  Appendices  are  not  included  at  present,  but  will  be  added  when  available. 


roHM 


ANALVM 

pRiPAKto  BY  Stltr/Langford 
CMBCKBD  BY  TumBr/Sutherland 

BBVIBBD  BY 


C  O  N  V  A  I  R 


PAOB  2 

BKROBT  NO.  57-922 

MODEL  Raa  8218 
DATB  20  June  1958 


OBJECT: 

The  object  of  this  test  is  to  determine  whether  2024-T6  rivets  ^  can  be  substitu* 
ted  for  2024-T31  rivets  ^  in  riveted  joints, 

mswsm^ 

1,  The  shear  strengths  of  riveted  joints  incorporating  lOQo-head  2024-T6 

rivets  are  approximately  equal  to  the  ANC-5  allowable  values  *  for  similar 

Joints  employing  2024-T31  rivets^  (within  ±  6%)  except  in  the  rivet-sheet  com- 
inations  with  low  t/D  ratios;  the  latter  may  have  ultimate  strengths  25^  a- 
bove  the  ANC-5  values. 

2,  The  yield  strength  in  shear  of  riveted  joints  incorporating  lOO^-head  2024-T6 
rivets**- >5  vary  from  12%  above  to  21  ^  below  the  ANC-5  allowable  values*  for 
similar  joints  employing  2024-T31  rivets. 

3.  Artificially  aged  2024-T6  rivets^  may  have  the  upset  heads  driven  to  1.33- 
1.40  rivet  diameters  without  producing  re jec table  cracked  heads  if  the  initial 
shank  protrusion  is  1.05  -  1*15  rivet  diameters. 

RECOMMENDATION: 

The  adoption  of  artificially  aged  lOQo-head  2024-T6  rivets^  is  not  recommended 
because  the  data  for  this  and  all  previous  tests  have  exhibited  too  much  * spread” 
involving  an  excessive  nrop'^rtion  of  values  much  lower  than  those  specified  by 
ANC-5. 

TEST  SPECIMENS i 

The  specimens  used  In  these  tests  were  of  the  single  lap-joint  type  which |  when 
tested  in  tension,  result  in  a  shear  load  on  the  fastener.  The  joints  had  two 
fasteners  positioned  along  the  longitudinal  center  line  of  the  joint.  Sketches 
of  the  test  specimens  are  shown  at  the  bottom  of  Tables  I  and  II.  The  variable 
dimensions  of  the  specimens  are  given  in  these  tables  which  also  contain  the  test 
results. 


1.  2024  rivets  artificially  aged  for  3  3/4  hrs.  at  398®F.  to  44  46  KSI  shear 

strength  before  driving. 

2.  2024  rivets  maintained  in  solution  treated  condition  until  driving  (”ice 
box”)  rivets. 

3.  Initial  shank  n  e;  rivet  diameters;  upset  head 

diameter  equal  to  1.3?  -  1.'/'  dlarr'^tMrr. 

*  ”Strength  of  Metal  Aircraft  Klptnentr?* ,  ANC-5  Bulletin,  p.  122-123 
(March  1955). 
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Speoinens  ware  table-sawed  from  riveted  panels  (each  panel  yielded  six  speoimens 
of  dimensions  given  in  Tables  I  and  II).  These  panels  were  bolted  together  for 
drilling  and  countersinking  of  the  rivet  holes  and  were  unbolted  to  remove  chips 
between  the  faying  surfaces.  The  panels  were  bolted  together  again  for  driving 
the  rivets.  Portable  air  tools  were  employed  in  drilling  and  countersinking. 

The  depth  of  countersinking  was  controlled  with  stops  on  the  countersink  and  with 
gauges  in  the  form  of  lOOo-head  rivets  which  could  be  slipped  into  the  countersunk 
holes  to  measure  the  depth  of  the  recess. 

Solution  treatment  of  rivets  is  given  belowt 

TBgERATORE  TIME  AT  TEMPERATURE  FURNACE 

9100  _  9180F.  35  minutes  Reoiroulating  Air 

Solution  treated  rivets  were  quenched  in  water  at  70oF.  upon  removal  from  the 
fumaoe. 

For  artlflolal  aging  the  rivets  were  heated  to  398^.  for  3-3/4  hours  in  a  re- 
elroulating  air  fbimaoe  about  10  to  15  minutes  after  quenching  from  910°  -  918°F. 
The  effeotlvenees  of  heat  treatment  was  cheeked  by  means  of  control  rivets  which 
were  tested  la  double-shear  in  a  fixture  designed  for  that  purpose. 

"Ice  box"  rivets  were  placed  on  dry  ice  in  a  Dewar  flask  within  3  minutes  after 
qpsnobing  from  915°-920°F.  The  rivets  were  dried  with  an  absorbent  gauae  in 
the  3  minute  interval  between  quenching  and  freeslng.  The  rivets  were  at  -  52°F. 
(as  measured  by  a  copper-constantan  thermocouple  peened  into  a  rivet)  within  6 
minutes  after  quenching.  This  is  in  accordance  with  Manufacturing  Process 
Specification  51.03F  \diloh  requires  a  refrigerated  temperature  of  less  than 
♦  10°F  within  10  minutes  after  quenching. 

The  rivets  were  squeeae  driven  to  1.33-1>40  diameters  with  a  cone  point  set  or 
a  universal  set  as  noted  in  Tables  I  and  II.  Initial  shank  protrusion  before 
upsetting  was  1.05-1.16  diameters.  The  cone-shaped  recess  in  the  cone  point 
set  was  .50  inches  (max.)  in  diameter  and  .125  inches  deep.  Both  upset  and 
manufactured  heads  were  inspected  for  rejeetable  cracks. 

lB?T.lTOSKPBi 

The  testing  of  the  specimens  was  accomplished  in  a  120,000  pound  capacity 
Baldwln-Southwork  Universal  Test  Machine.  A  mechanical  anengesMBt of  pivoted 
lever  arms  attached  to  the  specimen  and  a  dial  gauge  were  used  to  measure 
specimen  elongation  over  a  4  inch  gauge  length.  A  typical  tensile  test  set¬ 
up  for  riveted  lap-joints  is  shown  in  Figure  1. 

The  specimen  was  loaded  to  50  pounds  or  100  pounds  in  the  tensile  machine 
before  attaching  the  strain  measuring  device.  Progressively  higher  test  loads 
were  applied  and  then  released  to  the  50  or  100  pound  level,  where  permanent 
deformation  was  measured.  The  rate  of  load  application  was  approximately 
1000  pounds  per  minute. 
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C.  Itojaetablt  eraoks  In  driven  rivets 

Table  T  shows  the  frequency  of  rejectable  cracks  In  T»6  rivets  driven  to  1«33> 
1*40  dlaasters.  Of  the  354  rivets  which  were  examined,  only  one  shop  head 
s^  four  Bumfsotured  heads  were  rejectably  cracked.  The  single  rejectable 
shop  head  had  been  driven  to  1.53  diameters.  The  large  number  of  rejectable 
beveled  heads  in  the  5/32  inch  rivets  can  be  attributed  to  the  cone  point 
Bot.  Since  the  cone  point  was  desirmed  for  l/4  inch  rivets,  the  operator 
had  difficulty  in  centering  the  protruding  shank  of  the  5/32  inch  rivets  in 
the  deep  cone-shaped  recess  of  the  cone  point  set. 

WOTEs 

The  data  from  which  this  report  waa  prepared  are  recorded  in  Materials  dt 
Processes  Lab.  Data  Book  No.  3011  and  879. 
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TABLB  I 

RB8TJLT8  OP  TB8T8  OH  RIVETED  JOINTS  INCORPORATING  100®-RSAD  EIYKTS^*) 
II  COUHTBRSUNK  HOLES  IN  2024>TS  CLAD  ALDMIHUU  SHEET 


Sp*oiMn  SquMM  HlT«t 
Xtestif.  8«t  Dlu., 
in. 

T8-060-1  Catm^^h/S2 

-I  • 

-«  • 


DImb.  ,  Thk., 
In.  In. 


B 

InohtB 


-5  • 

-6  • 

TS-050-1  Oil 

-t  • 

-8  • 


0.159  .050  B/S  5/16  1  5/l6 


5/8  6^6  1  lAs 


I8-06S-X  Cox»'*^5/S2 

-2  " 

-8  " 


0.159  .063  5/8  5/l6  1  3/l6 


Lon* 

YIELD 

LOAD 

Pound*/ 

fn*'t*n*r. 

ULt. 
LOAD 
Pounds/ 
_fas tease 

TYPE  of 
PAILDRB 
(0) 

y/ie” 

662 

2-b 

It 

400 

540 

1-b 

n 

367 

495 

8>*,2-h 

n 

376 

603 

2-b,2.h 

n 

610 

2-b,2-h 

m 

538 

2-b.2-h 

l/l6 

650 

1-d 

N 

7i0 

1-d 

It 

787 

2>b 

N 

275 

776 

1-d 

ft 

308 

2-d 

It 

355 

707 

1-d 

Avg. 

.  nrsT 

•TO 

3/1 6 

472 

661 

1-b 

II 

690 

ft 

fl 

458 

650 

It 

It 

405 

628 

e 

It 

450 

635 

n 

It 

505 

687 

« 

Avg, 

TTO 

in)  RlTkti  nqunnind  with  oona  point  sot  to  1.33-1.40  dlametnrs. 
b)  Rl^ts  8qu9«g*d  with  universal  set  to  In33-ln40  dlametere. 

01  Se#  pftgo  for  desorlotion  of  failure* 

d;  'SiMr  rivets  aged  to  T*6  condition  before  driving  (3  3/4  hre*  at  398®  P*) 
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TABLB  I  (oont'd.)  /.x 

RBStJLIS  OF  TBST8  OK  RIVBTBD  J0IMT3  INCORPORATING  100°-HEAD  RIVETS'®' 
ZI  OOUNTBtSUKK  HOLES  IN  2024-TS  CLAD  ALUinNUI.{  SHEET 


Speeiasa  Squeese  Rivet 
Zdentif.  Set  Diaa., 
ia. 

Hole 
Dion*  0 
In# 

Sheet 

Thk,, 

ia. 

Speoinen  dimensions  (* )  YIELD  ULI.  TYPE  of 

SEW  LOAD  Mia  FAILURE 

inches  Pounds/  Pounds/  (o) 

fastener  fastener 

Ti-on-1 

Cone 

(•>6^2 

0.159 

.071 

5/8 

5/16 

1  3^6 

565 

’  700 

1-a 

-2 

II 

« 

99 

11 

720 

99 

-3 

11 

ft 

99 

99 

525 

660 

ft 

-4 

N 

n 

99 

91 

700 

91 

-6 

« 

tf 

99 

99 

752 

99 

-6 

11 

.(b) 

n 

99 

99 

54S 

810 

91 

Ts-on-i 

UnlT 

91 

99 

1  lA6 

520 

876 

99 

-a 

m 

99 

19 

ft 

525 

908 

91 

-8 

m 

H 

19 

19 

482 

877 

99 

-i 

m 

99 

99 

99 

470 

853 

91 

—6 

n 

91 

99 

99 

490 

847 

99 

-6 

m 

99 

91 

99  91 

456 

840 

99 

Avg. 

508 

"W 

T8-0SS-1 

Coat 

0.191 

.063 

3/4 

3/8 

1  3/8 

658 

1245 

1-b 

-8 

m 

11 

99 

nil 

607 

1320 

99 

n 

II 

99 

tt 

625 

1252 

99 

-4 

« 

99 

99 

99 

628 

1270 

91 

-8 

m 

99 

99 

99 

645 

1288 

99 

•S 

m 

99 

91 

91 

582 

1138 

II 

Avgs 

W 

T8-0S0-1 

no 

8A« 

0.191 

.080 

3/4 

3/8 

1  3/8 

1165 

1-a 

-a 

m 

99 

II 

99 

1197 

N 

•a 

m 

n 

11 

99 

827 

1195 

99 

-4 

m 

n 

99 

11 

910 

1218 

91 

-6 

m 

n 

11 

91 

845 

1197 

9t 

m 

n 

99 

99 

818 

1188 

91 

Avg. 

TW 

TS-100-1 

m 

8A« 

0.191 

.100 

3/4 

3/e 

1  S/8 

945 

1208 

1-a 

-a 

m 

91 

99 

It 

1088 

1260 

99 

-a 

0 

99 

19 

99 

920 

1202 

99 

-4 

m 

It 

19 

99 

1012 

1288 

91 

-8 
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99 

99 

91 

1002 

1260 

a 

-S 

m 

It 

91 

99 

1000 

1242 

a 

Avg. 

“sro 

W 

•)  RiTVts  squtAMd  with  oon*  point  set  to  1*SS-1.40  dismeters. 
bj  BiTets  aquMsed  with  unirersal  sot  to  lt3S-1.40  diameters, 
oj  Saw  paft /S  for  description  of  failure. 

d)  imp  riweta  aged  to  T-6  condition  before  driving  (8  S/4  hrs.  at  398®  F.) 

e)  See  pagd  6  for  apooimtn  dimonsionse 
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lABLB  II  ,  » 

liBSULTS  OP  TBSTS  OM  RIVBTBD  JOIDTS  INCORPORATINO  100°-RBAD  RIVETS^” ^ 
IN  C0DNTBR8UNK  liOLBS  IN  1^1^76  CLAD  ALDUINini  SBESI 


8p«eiaBB  8q\i»«i«  RiTvt 
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Hel* 
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LOAD  LOAD 
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TYPB  of 
FAILURB 
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^*^6/88 
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.050 

5/8 
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1/8  . 

488 
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n 

If 

m 
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a 

—5 

m 

ft 

ff 

m 

508 

667 

a 

-4 

If 

It 

ft 

m 

485 

788 

a 

,  -6 

w 

If 

If 

w 

492 

750 

a 

-« 

16-051-1 

n 

DhiT 

0.169 

.051 

ff 

5/8 

ff 

6/l6 

i 

e 

lAs 

495 

315 

697 

658 

a 

a 

-2 

n 

n 

If 

a 

378 

786 

a 

-6 

m 

n 

ff 

n 

365 

787 

a 

-4 

9 

If 

n 

a 

300 

783 

aa 

-6 

m 

ft 

If 

a 

317 

805 

a 

-6 

If 

ft 

ft 

ft 

318 

767 

a 

Avg. 

TOT 

“wr 

T6-068-1 

Cone 

0.159 

.068 

5/8 

6^6 

1 

1/8 

480 

740 

1-b 

-2 

e 

ft 

ff 

a 

508 

818 

a 

-8 

N 

ft 

ff 

a 

512 

845 

a 

"4 

m 

fl 

ft 

a 

460 

785 

a 

-6 

n 

It 

ff 

a 

598 

867 

a 

—6 

76-068-1 

m 

UhiT 

^'*^5/S2 

0.159 

.063 

11 

6/8 

ff 

s/ie 

1 

a 

l/l6 

520 

377 

788 

865 

a 

a 

-2 

e 

n 

If 

a 

325 

876 

a 

-8 

e 

ft 

ft 

a 

450 

877 

a 

-4 

n 

ft 

n 

a 

400 

808 

a 

-5 

m 

If 

ff 

a 

480 

847 

a 

-6 

m 

II 

ff 

a 

388 

790 

a 

Avg. 

TOT 

TOT 

\9l)  RlTtts  squAetad  with  oom  point  sot  to  I.ZZ^IAO  diainetars. 

>1  RlTots  squsoEod  with  tmivwraal  set  to  1b33-*1«40  dlamotera. 

OJ  Sw#  pago  /3  for  doaoriptlon  of  failvura* 

'd;  MM  riwata  aged  to  T-6  condition  before  driving  (3  3/4  hrs.  at  898®  P#) 
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SAN 
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57-922 
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TorMr/Sutterlaad 

MODEL 
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nmmwowff 

DATE 

6-20-58 

TABLE  IZ  (oont'd.) 

RESULTS  OF  TESTS  ON  RIVETSE 

aOINTS  INCORPORATINO  lOO'^-HBAD  RIVETS''*^ 

IN  COUNTERSUNK  HOLES 

IN  7076-T6  CUD  ALUIIINTJM  SHEET 

\  SptolMn  8qu»«g«  Vtimt  Hole  Sheot 

Specimen  dimensioned*^  YIELD 

ULT. 

TYPE  of 

Xdtntlf. 

8«t 

Diaa.,  Dlam.,  Thk., 

S 

B 

w 

oIAdB 

LOAD 

FAILURE 

in.  In.  in. 

Inohns 

Poimds/ 

Poundf/ 

(0) 

fastener 

fastener  | 

T6-071-1 

Coxi«^‘^5/32  0.169  .071 

s/a 

6/I6 

1  1/8 

560 

830 

1-a 

-2 

a 

a 

a 

a 

608 

840 

a 

a 

It 

a 

a 

590 

843 

a 

-4 

a 

ft 

a 

■a 

642 

836 

a 

•6 

a 

It 

a 

ra' 

520 

792 

a 

-6 

a 

If 

a 

a 

635 

853 

a 

T6-071-1 

a 

6/8 

5/16 

1 1/16 

570 

840 

a 

-2 

a 

It 

a 

a 

618 

880 

a 

•8 

a 

If 

a 

a 

697 

877 

a 

-4 

a 

If 

a 

a 

610 

863 

a 

•5 

a 

a 

a 

a 

650 

880 

a 

•6 

a 

a 

n 

a 

633 

875 

a 

Avg. 

~STT 

sfeo 

T6^8-l 

a 

3/l6  0.191  .063 

3/4 

3/8 

1  lAs 

478 

998 

l-b 

-2 

a 

a 

a 

a 

450 

950 

a 

•5 

a 

a 

a 

a 

430 

775 

a 

-4 

a 

a 

a 

a 

482 

1050 

a 

•5 

a 

a 

a 

a 

443 

1150 

a 

-6 

a 

a 

a 

a 

490 

1050 

a 

TS-06S>1 

a 

3/4 

3/8 

1  1/8 

1075 

a 

•2 

a 

a 

a 

a 

450 

1087 

a 

-8 

a 

a 

a 

a 

492 

1088 

a 

-4 

na 

a 

If 

a 

498 

1172 

a 

•5 

a 

a 

a 

a 

450 

1015 

a 

-6 

a 

a 

a 

a 

652 

1226 

1-0 

Avg. 

T6-080-1 

a 

SAd  0.191  .080 

3/4 

3/3 

1  3/8 

845 

1118 

1-a 

-2 

a 

a 

a 

a 

840 

1125 

a 

-3 

a 

a 

a 

a 

900 

1090 

a 

-4 

a 

a 

a 

a 

820 

1090 

a 

-6 

a 

a 

ti 

a 

805 

1112 

a 

-6 

a 

a 

a 

If 

900 

1118 

a 

Avg. 

USX 

ms 

1  (a)  Rivata  squaatad  with  oone  point  aet  to 

1.33-1 

•40  daimetors* 

1  (q}  Sae  paga  /3 

for  description  of  failure 

• 

(d)  lOM 

rlTttta  aged  to  T-6  condition  before  driving  (3  3/4  hrs.  at 

398°  F.) 

{•)  Sd«  pag«  -f 

for  speoinen  dimensions. 

fMAVn/M 

^RKPARtDBv  3ti«rA*Bfford 

CHKCKiD  BY  Torntr/SutharlaDd 
RKVWBDBY 


C  O  N  V  A  I  R 


SAN  OlfOO 


PAOI 

Ripoirr  NO. 

MODEL 

DATE 


U 

57^922 
REA  8ZL8 
6-20-98 


MSULTS  OF  T3ST  OF 

RiAnrr'^D 

TA:;L3  II  (oont'd.) 

JOINTS  I:!CCRFOI<ATIi:Ct  lOO^-'IilAjj 

IN  C0UIIT2RSUNK  HOL^S 

i:i  7075-T6 

ciAD  ALu::i:aj:.:  sieidt 

Speolmdn  Squeeze  Rivet  Hole 

Sheet 

(0 

Specinen  dinensions 

^  YiSLiJ 

liLT . 

TYra  of 

Identlf « 

Sot 

Diazn.  Diaiii. 

Thk., 

S 

IS 

L0AL» 

LOAD 

rAILORIi 

in*  in* 

in. 

irxlios 

Pounds/ 

Poiinds/^ 

(c) 

fastener 

fastener 

T6-100-1 

Cona^^^s/ie  0.191 

•  100 

3/4 

3/8 

1 5/8 

938 

1138 

1-a 

-2 

tt 

ri 

tt 

If 

980 

1162 

tt 

-3 

11 

If 

It 

If 

1067 

1210 

It 

-4 

n 

ti 

It 

11 

983 

1120 

♦1 

-5 

n 

T1 

ti 

It 

1000 

1180 

tt 

-6 

n 

n 

It 

II 

990 

1160 

tt 

Avg. 

098 

HTT 

T6-125-2A 

n 

3/16  0.191 

•  125 

3/1 

3/8 

1  I/I6 

1110 

1260 

1-a 

-2B 

It 

ft 

II 

It 

1078 

1203 

It 

-2C 

n 

It 

ft 

II 

1035 

1275 

It 

-2D 

n 

M 

If 

ff 

1037 

1260 

tt 

-2S 

« 

If 

11 

It 

1060 

1257 

tt 

-2F 

If 

If 

If 

It 

1045 

1248 

II 

-1 

ff 

II 

11 

1  1/8 

1020 

1215 

ft 

-2 

If 

It 

It 

II 

798 

1250 

If 

-5 

ff 

ft 

It 

tt 

942 

1155 

tf 

Avg. 

mr 

im 

T6-072-1 

If 

1/4  0.257 

.072 

1 

1/2 

1  7/8 

908 

1850 

2 -a 

-2 

n 

Tt 

ft 

II 

900 

2220 

2-b 

-3 

If 

ti 

ft 

II 

855 

2030 

2-b 

-4 

If 

It 

ft 

ft 

2078 

1-d 

-5 

ft 

M 

It 

tt 

897 

1707 

1-b 

-6 

n 

It 

II 

It 

895 

2243 

1-d 

Avg. 

"W 

57551 

T6-090-rl 

If 

1/4  0.267 

.000 

1 

1/2 

1  7/8 

940 

2135 

1-b 

1  -2 

II 

It 

tf 

II 

1133 

1953 

If 

-3 

ft 

II 

n 

tf 

1025 

1997 

It 

-4 

If 

n 

It 

It 

937 

2035 

ft 

—6 

If 

II 

11 

It 

2060 

It 

-6 

ti 

II 

It 

ft 

1080 

1893 

It 

Avg. 

102^ 

57517 

(a)  Rivets  squeezed  with  cone 

point  set  to  1 

.33- 

•1*40  diameters  • 

(o)  See  page  /3 

for  description  of  failure . 

Kd)  ZCJ14  rivets  aged  to  T-6  condintion  before  driving  (3  3/4  hrs,  at 

396°  F.) 

(e;  See  page  9 

for  specinen 

dinonsinns  • 

wtmm  (•It -4^ 
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TABLK  11  (cont*d.) 

RESULTS  OF  T3STS  ON  JOII73  Ii:CORPOR.\TING  100  -I-EAD  ^ 

IN  COUin’BRSUNi:  flOLES  IN  7075-T6  CLAD  oTHJn* 


Speoimen  Squeeze  Rivet  Hole 

Sheet 

Specimen  Dinensions^^ 

^  Yi:^LD 

I'LT. 

TYP3  c.f 

Idontlf. 

Set 

Diam.^  Diam»^ 

Thk., 

S 

v; 

LOAD 

LOAD 

FAIIUSB 

in.  in* 

in. 

inches 

Poimds/ 

Founds,/ 

(c) 

fastener 

fastener 

T6-125-1 

Cone 

1/4  0.257 

.125 

1 

1/2 

1  7/8 

1445 

1-a 

•2 

tt 

fi 

tt 

tt 

2250 

ft 

•3 

tt 

f! 

tt 

tt 

1420 

2155 

tf 

-4 

ft 

ft 

ft 

tf 

1475 

2223 

ft 

-5 

n 

t! 

It 

tt 

1470 

2230 

ft 

-6 

n 

If 

It  ft 

tt 

1593 

2202 

tf 

Avc* 

2M? 

T6-160-1 

It 

1/4  0.257 

.130 

1 

1/2 

1  7/8 

1740 

2268 

1-a 

-2 

tf 

tt 

ft 

ft 

1300 

2265 

ft 

•5 

ft 

tt 

tf 

tt 

1515 

2232 

ff 

-4 

tt 

M 

ft 

tt 

1675 

2240 

ft 

-5 

tt 

ft 

tt 

ff 

1753 

2255 

tf  • 

-6 

ff 

tt 

ff 

tt 

1737 

2303 

ft 

Avg. 

1§V5 

(a)  Rivets  squeezed  with  oone  point  sot  to  1  •33-1  *40  diagnotors. 

(c;  See  page  /3  for  description  of  failure. 

(di  2024  rivets  aged  to  T-6  condition  befoi'o  driving  (3  3/34  hrs.  at  598°  ?•) 

(e)  See  page  f  for  specinen  dimensions • 
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TYPE  OF  I'AILIJRE 

The  types  of  failures,  referred  to  in  Tables  I  aad  II,  are  as  f lovrs : 

!•  Shear  failiire  of  both  fasteners  tliru  cross-section  of  shank 

a,  '.‘fith  no  Noticeable  deformation  of  the  hole, 

b#  With  noticeable  elongation  of  the  hole  where  the  rivet 
flattened  the  knife  edge  created  by  countersinking, 

Cb  With  very  slight  elongation  of  hole  and  only  slight  flattening 
of  the  knife  edge  created  by  countersirJiing. 

d.  Vith  noticeable  elongation  of  the  hole  where  the  rivet 
flattened  the  knife  edge  creatod  by  co'ribersinhing  whick 
allowed  some  rotation  of  the  fas  terror  and  subsequent 
"dimpling"  (sliglat)  of  the  non-counters uik  sheet, 

2*  Initial  sheet  bearing  failure  follovrod  by; 

a.  Rotation  of  rivets  ana  bending  of  the  joint .causing  100^ -he ad 
to  chip  and  shear  along  the  axis  of  the  rivet. 

b.  Rotation  of  rivets  and  bendiiig  of  tho  joint  with  she^r  thru 
the  shank  of  one  rivet  and  shear  thru  the  lOO'^-hood  of  the 
other  rivet  (along  the  axis  of  the  rivet), 

Ob  Rotation  of  rivets  and  bending  of  the  joint  causing  severe 
elongation  of  on<^  oouiriteraunk  hole  and  shear  out  of  the 
countersunk  sheet  thru  the  edge  nargin  of  the  other  hole 
(fastener  pulls  through  sheet  chipping  out  pieces  of  the 
100°-hoad). 

d.  Rotation  of  rivot,  and  bending  of  the  joint  causin'^  100°-head 
to  curl  up  &  chip  k  pull  thru  sheet  without  tearing  aheob. 

e*  Shear  out  of  the  countorsunl:  sheet  through  edge  margin, 

f.  Tearing  of  the  sheet  around  ccuntersurdc  holes, 

g.  Tearing  of  sheet  around  non-counters arJe  holes, 

h#  Folding  under  and  tearing  out  of  tho  knife  edge  created  by 
CO  imte  r  s inking , 


ree« 


C  O  N  V  A  I 
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Idsntif • 


Bl-Dco.16 

TB»Dao.l8 


BB-Dso.18 

It 

B2-Deo.l6 

TB-Deo.l7 


EB-Dco.17 

It 


TB-Doo.18 


BB-D0O.I8 

n 

Bl-teOol6 

B2«DaOol6 

E5-D90o16 

TB»DeOol7 


BB«Dec#17 

ft 


TB-D0O.18 

n 


BB**D90  pXB 

•I 


TABLE  XIX  /^x 

ltBCHA!TICAL  FROFSRHIZS  OF  UKDRIYSN  202#-T6^®'RIV3TS 

RIVSr  DIAM.  C.S.A.(d)  ULTIMATE  .  .  Awag#  Guarantaed 
nominal  Ifcasurad  ln,2  LoadV°)  Strangfeh^®^  Strangfch  Mlnlraun 
In.  in.  pounds  psi.  psl.  psi. 


,01910 

« 


*02716 

ft 


•04906 


46.600 
45,050 
45,050 

45.800 
46,100 

46.250 
45,400 

45.250 

45.650 

44.600 
44^960 

44.650 
45,300 
45,850 
46,100 

45.400 
45,850 
45,900 
47,550 

48.150 
47,550 
47,000 

47.800 
45,500 

44.700 
45,900 
45,000 

45.300 
45,500 

46.150 

46.300 
46,000 
45,350 
46,950 

47.700 
48,200 

43.400 
47,800 


(9l)  Quanohad  and  acad  at  398°  F,  for  3  3/4  hourr. 
(b)  Ultimata  load  for  doubla-shaar  on  one  rivet* 
(0)  Ultimata  strength  in  singla-shaar. 

(d)  Croas-Matienal  area  of  rlTst* 


45,550  44,000 


46,100  44,000 


46,300  44,000 


PMM  laia^ 


ANAtVm 

MVMtblV 

WMmmm 

MlM/tMfflMFd 

TOfMr/ItttterUBd 

C  O  N  V  A 

IAN  PIlOO 

1  m 

KAM  15 

MWCNir  NA  57-982 

•I®®®-  meaxB 

®A«  6-80-56 

TABLE  n 

MBCHANICAL  PROrT^TI^S  OF  UlTDRIVEK 

RIVETS 

Id«ntif. 

RIVBl 

'  DIAU. 

C.S.Ai*) 

IlIATf:  . 

Avarfga  Guarantaed 

Nominal 

Ilsaaured 

LoadCo) 

StrenGbh^®^ 

Stranrbh  !!inir.iiBn 

in. 

in. 

in.2 

pounds 

psi. 

psi.  ’  psi. 

El-Jan.29 

sAs 

.1875 

.02755 

2475 

44,915 

11 

It 

ft 

It 

2600 

45,366 

n 

It 

n 

It 

2500 

45,365 

ft 

It 

n 

It 

2400 

43,550 

N 

»i 

n 

It 

2450 

44,460 

It 

It 

If 

It 

2400 

43,550 

32-F«b.27 

n 

n 

tl 

24  CO 

44,640 

It 

n 

n 

n 

2440 

44,230 

11 

n 

It 

It 

2460 

44,340 

It 

It 

It 

It 

2520 

45,730 

n 

If 

n 

It 

2500 

45,365 

33BF«b.3 

It 

If 

It 

2520 

45,730 

n 

It 

It 

It 

2500 

45,365 

S5*P0l)t5 

It 

It 

« 

2520 

45,730 

n 

It 

ft 

II 

2480 

45,005 

♦t 

II 

n 

ft 

2430 

■1G,CG5 

E7>Jain.28 

It 

n 

It 

2460 

44,340 

n 

It 

It 

It 

2400 

43,650 

It 

H 

n 

It 

2400 

43,550 

44,750  43,000 

Bl-»Jan»29 

1/4 

.2502 

,04913 

4475 

45,510 

If 

It 

It 

II 

4475 

45,510 

It 

ft 

It 

It 

4520 

45,965 

68-Fab.S 

It 

»t 

11 

4520 

45,965 

D4-Fab.l9 

It 

n 

11 

4540 

46,170 

It 

It 

ft 

tl 

4560 

46,370 

It 

If 

It 

ft 

4530 

43,505 

B5«Fab.3 

ft 

It 

It 

4560 

46,370 

It 

It 

<1 

It 

4540 

46,170 

It 

It 

It 

n 

4520 

45,965 

43,060  43,000 

(a)  Quanohad  &  frosan  to  -100 

®  F.j  than  naturally 

'xt  roon  ta'Apar''.ti  rs  f  or 

^  w»«k8 . 

(b)  Ultimata  load  for  doubla- 

shear  on 

iiGi  rivot. 

(o)  Ultixnata  strength  in  singla-slieor. 

(d)  CroM« 

’Motional  aroa  of  ritot. 
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ANALVM 

C»WWM»  tv  Tumar/SutterUad 

MVMBOBY 


^A*i  i7 

RiaoRT  MO.  $7-922 
MOORk  m.  62LB 
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TEST  OF  ARTIPICIALLT  AGED  2024  ALOMHIDM  ALLOT  RIVETS 


ObiAOtt 

TIm  dbjMt  of  tbia  Appoadlx  is  to  proMot  tad  dlaouu  the  teste  oonduoted  on 
aged  2024  rivets  between  the  ones  presented  in  Reports  No.  56-191  end  57-922. 

la  eeoh  insteaee,  the  test  spsolMn  eonslsted  of  e  lap  Joint  of  two  strips 
of  elualnai  allogr  sheet,  nearly  always  of  olsd7075>T6  sheet,  with  two  oentered 
taaden  rivets  spaoed  at  fow  rivet  diaasters,  and  with  two  disasters  edge  distanee. 
Soas  of  the  rivets  were  gun  driven  and  soas  were  squeesed.  Soae  had  universal 
heeds  and  soas  had  100^  fluAb  heads.  The  effects  ^  ialtial  shank  protrusion, 
driven  bead  disasters  and  of  variations  in  the  overaging  oyole  ware  also  eheoked 
by  these  lap  Joint  tests.  The  results  of  all  these  tests  are  presented  in  Tables 
1  to  14  inolusive,  of  this  appendix. 

A  great  aany  al^:le  shear  tests  were  also  oonduoted,  priaarily  to  oheek  the 
effeot  of  variations  in  the  twiperature  and  tins  of  the  aging  oyole  on  the  shear 
strength.  But  these  data  have  not  been  asseabled  for  presentation  in  this  appendix. 

The  oontributions  of  these  various  effeots  in  oausing  rejeotable  oreoks  in  the 
rivets  nay  be  noted  by  naans  of  the  following  peroentagest 

1.  Considering  a  suanation  of  all  the  rivets  tested,  8.375%  had  one  or  aore 
rejeotable  oraoks. 

2*  Considering  the  aethod  of  driving,  we  find  that  9.16%  of  the  squaese 
driven  rivets  and  5*72%  of  the  gun  driven  rivets  had  rejeotable  oraoks. 

3*  Considering  the  effect  of  head  sise  we  find  that  driving  then  to  1  1/3 
shank  diaaetea  oaused  1.93%  and  that  driving  then  to  1  1/2  shank  diaaters  oaused 
15.2%  to  have  rejeotable  oraoks. 

4*  Considering  the  effeot  of  the  aaoont  of  initial  riiank  protrusion  we 
find  that  a  protrusion  of  1  -  1  1/3  shank  diaasters  resulted  in  5.19%  of  rejeotable 
oraoked  rivets,  while  one  of  1  1/3  to  1  1/2  disasters  resulted  in  15.83%. 

5*  Considering  the  effect  of  the  rivet  shank  diaaeter,  we  find  the  following 
nnsbers  of  rejeotable  oraoked  rivets  in  terms  of  peroenti 

1/8"  rivets  —  5.45% 

5/32"  rivets  —  6.84% 

3A6"  rivets  —  9.25% 

1/4"  rivets  —  5.74% 
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Li  Ttbl*  14  w  pNMntad  tb*  t«at  results  for  sadi  aging  ejels  Imrsstlgatad. 
Ibass  data  laoluds  not  oolgr  a  suasary  of  the  pereentages  of  reje^ble  oraek^ 
rlrsts,  but  in  aaeh  ease,  iaeludes  also  tbs  pwoentage  of  spselasno  when  average 
test  strengths  did  not  equal  the  design  strengths  listed  in  AIIC-5«  The  best  one, 
if  joo  elininate  the  ojroles  for  which  less  than  10  tests  ware  nade,  would  be  to 
age  at  395*F.  for  4  hours*  But  when  the  nocassity  of  psndttiag  sons  tolaraaea 
in  beat  treating,  as  ♦  5^F.  in  teapsrature  and  ♦  10'  in  tins,  is  oonsidered,  it  is 
obvious  that  the  rejeetion  rate  will  be  so  high  that  the  oveiaged  2024  rivat,  as  a 
substitute  for  the  lee  Boxed  2024  rivets,  oannot  be  tolerated  in  our  Shops. 


ANAkVsia 

MVAIItOBV 

CHMICnSV 

mvwKesv 


TABLE. 


3 

5>1ii  Afif.l 


^  —  O  «»>  M  ^ 


>j  ^ 


w«Nj 


V. 

%»  V> 

t'o  J  .OM'^'^*^^'^'^ 

3 


'*-  C 

55  -  ^ 

-C  ^  <!» 

'O 


%f 

c 

tl  ^ 


EH.S ':  Q 
Q  Q  " 


ll 


% 

.c 

•>. 

5 

is 

<> 

c 

i  5^ 

1  ^ 

E 

hi 

-K 

> 

M 

QC 

Q  Q  Ci 

_>;«  -^  ^ 


c  5  Q 

^  -K  - 
"  ^  ' 


^  ^  p 


5J-  5|“  W)  M  in  ^  V 


^l^Vrv\»ioV»<t-'0^**>T  ' 


^  .  >2 

'i-  ■  '»- 


\o  In 
M  -  -! 


T^blt  I 


CONVAW 

AN  D»EOvJ  IjiMLK  2 

UNIVERSAL  HEAD  RIVETS  JN  UP  JtlNTS  OF  CLAD  lOlS'TE  SHEET 


5^-2¥ 

3||l 

Hi  I 

ksU 


iSHH§£iSg| 


‘f'^2  ^5tSi5^5asS252  as^^^wSSSSS® 


!l! 


%  V  Jt 

•  u? 


§§§i~§gpi§i  sg|sM33S£§§ 


>•  % 
^  £ 


t  >  W  • 
1  ^  O 

,  . . L 

t  ^ 

I  i : 
■S  i  I' 
«a  ^ 


5^5i'«b*52i5«l22ia  ;s5aaaSsa5222 


l8  *  •  -  •  « 


«  r'« 

\a 


^«3«  »i*  *  »  •  *»■  £i 


s :  ^  ^  «  X  '  «  « 

N3 


eiQQO«4**‘i®o9«»9  SpAqoiSSqiSqqqi 

lllaSHilSSS  ?I|s2!|333S? 


Q  <  ji  i  ^  ?  5  =  ^ 


O 

-  -<  ' 


it 


'  I* 

■Pk' 


s»3  sa'sjHS 


Q 


5«  m  ^  M  ,  ^  2  •  -•  *2^ 


I . <^ . . 


•  '  S'  «.  Z'  s 


TABLE  3 

UNIVE,R5AL  HEAD  RIVETS  IN  LAP  JOINTS  OF  CLAD  701F-T6  SHEET 


^1 

SJ 

V2 


«> 

>  ^.r 


57-tai  v4/»/o.  / 


O  ^  Q  ^  Q  ^  ^ 


Q  ^  ^  ^  ^ 


f^'o  ^ 


o 

VO 

sr 


<  i. 

^  I V 


^22 


^1:2 

Sm 


>  Vj^ 


'CV  c>  ^  ^  o  ^ 


r,  k.  o 


^  , 

V 

c 

w  V  't 

^ 

.  ^  vo2^ 

^  VO 

»  i; 

®  -ev-P 


»2 


(J: 


?5 

Vo 


c 

Ni 


c 

I  :- 


F  F  ■« 

.1  i  ^ 

C 

« 


-ae 

c 

« 

-c 

'O 


s 

<j 

jk 


Cj 

M  JSi 
^  fo 

JJ 

s* 

Ci 

^  i: 

Ci 

^* 

^  s 

M  Vo 

X* 

0% 

o  ^  ^ 

M  N»  ^ 

'0%  U  0^ 

C5%  Vo 

<4  ^ 

w  r^ 

to 

fvi 

O  io 

Vo 

<M 

ro  0^  ^ 

T  ^ 

fx 

T  ^ 

^  > 

r 

>1-  ^ 

2 

o 

o  Q 

Ql 

<i 

2  2 

2 

^  ^  ^ 

2  2 

2  2 

^N  r 

jr 

i 

r 

~  z 

t 

• 

X  :; 

* 

o*.  -  * 

-  X 

-  z 

** 

c> 

'•n 

M 

c 

>1 

Z 

ii 

= 

“ 

- 

-  ■i 

'  ^5 

' 

- 

Z  3 

* 

^  - 
s 

VO 

X  £ 

zr  ^ 

V3 

Q 

V3 

O 

Q 

2  Q 

Q 

Q 

Q  ^ 

Ci 

v:^  ( *  o 

C^  Q 

Q 

Q  Q 
vd  2? 

Q 

S3 

o 

•  o 

fO 

rw^ 

O' 

'0- 

M 

ir>  »*^i 

Vo 

ro  i* 

O  ^ 

^  2r 

5  ^ 

>% 

r*-» 

"<  < 

CS  .. 

r 

o 

•- 

i  Q 

- 

- 

II 

a  ^/ 

s 

Q  , 

Q 

i? 

_  Q 

- 

1!^  ^  ^ 

^  M 

<^^  fO  On 

^  ^ 

^  T 


.•< 

N 

V» 


^  ^  s 

,,  iM  fee 

n-  ^ 


Q 


Z 

vr> 

t 

St 

1 

W 

0 

c 

C 

iN. 

> 

N 

*0 

it 

^  ^  ^  ^  ^  'S 


H 

tS 

«=  s  S  «  5 

^  ^  M  n  1" 


X 

« 

oa 


j?* 

T  ^  n 

K 

O 

(Cl 


^  't  f  X  T 

K  ^ 

O  < 

•O  ^ 


J5f 


^  '4-  ^  N  r*-  ^ 

o  >< 

Q 

CO 


CD 


^  *0  Irt 

. ^  ^  L^  (i^  ^ 

M  <n  ^  M  ^ 


"Vi  I 

VI  *'>  Vo 

Qv  o 


‘o'<i2‘^ui2^:'» 


Vo  «n 

0^  O 
fO 


rr 


T4ihl*  3 


Tttkh .  4 


TABLE  S 

MACHINE  COUNTE SUNK  FIVE T5  IN  LAP  JOINTS  OF  CLAD  707S-T6  SHEET 


^  X 

?  ^  if 


Pa^e.  7 

SIt  fZ2_  App.  J. 


5  5  ^5" 

”5  2  i  S 
^  a  ^  ^ 


?>  i:  & 

3  5  5$ 


^  ^  ^  ^  ^  ^  f^  ^  ^  ^  ^  ^ 


^  7^  *•  ^  ^  M  ^ 


p53”|S§|£3iiS5l5  s§l?Si|?||9^ 

■«  ^ 


?>  ^ 

h  E 

^  .%!  t 


iMMQ 

c4rsJ«MM<M  —  — 


X  ^ 

E\  \»  N5 

^  Vi 


CO  *0  ^ 


2JrtRTS;£!£i?'^'^v^  ?• 


%0>4^^4^NONdV5>tN6NtN# 


S  =  = 


I  i 


^  ^  ^  ^ 


•J  ^  S  ^  V  ^ 

<r  ^  ^  ^  T  ^ 


V  ^  , 

£  ^  ^ 

c  *1 


r 

1 

?> 

E  ^ 

^  - 

t  * 

--«8 

*  • 

^c 

5v 

I--- 

•o 

c  s 

ro 

%) 

flc 

5  It. 

'/f 

II 

2  •  •  “• 

Tm-bf*  S' 


TABU  6 

ZOZA  RIVETS  fN  LAF  JOINTS  OF  CLAD  7015-T6  SHEET 


S7-Ut  Aff.l 


V« 

s 

2 


V) 


c 

Q 


.  t 

r 

)5  r  a 

Q 


y  i  Mi 


f- 

§  »SJ 


M 

S2 

vs 

04 

»o 

M 

f^ 

M 

(Vi 

*0 

•O 

•^X 

fO 

. 

CM 

4- 

51- 

'>• 

ap» 

n 

Vo 

--- 

Vo 

N» 

Ox 

x> 

0^ 

^J 

la 

c% 

/X 

CO 

Vo 

V? 

1 

C> 

r^ 

00 

04 

04 

s: 

n 

e- 

KJ 

cvj 

c4 

b« 

M 

r^ 

r% 

r> 

w> 

c> 

to 

N» 

VO 

*0 

rx 

•>* 

\J 

M 

'v^ 

5 

©0 

•o 

«• 

M 

f^ 

vs 

rx 

r> 

Vo 

N» 

2: 

t 

K 

u 

rx 

N4 

<VJ 

04 

Ch- 

Vft 

rx 

ca 

rx 

04 

•o 

N 

04 

*0 

<0 

M 

5J 

<0 

fO 

01 

"*• 

Ci 

M 

CM 

M 

04 

04 

s 


Vo  ^ 


04 


V 

£  « 


fV«) 


5  ^  ^  S  ^  ^  $ 


Si  c 


1 

3: 


C 

V 

‘S 


c 


fil 


\f 


t 

is 


i^ 

^ 


% 

.N 

VO 


■?  X, 

^  X 

r'^ 

T-  ^ 

.  « 

ci: 


ox 

oi 

rx  - 

-  -  .  -  2 

04 

iO 

VS 

•M 

rx  ; 

ca 

0 

0  - 

v;^ 

<:i 

<:> 

=  ^ 


o 


^  M 
^  ^  ^ 


*^12  >0  h  to  o 

^  ^  ^  ^ 

<n  V  ^  <o  ^  ^ 


^  \i 

^  H 

5  ^ 

<0  ** 

at 


'O 


.-a 

n-  ^ 


\> 

■>  . 

Ci 


•S 

% 

X 


V 

X 

o 

(Q 

%i 

S4 

M 


"t;  t-  i- 


.-it 

Vo  ^  T 


Ir)  ^  Vo 

^  ^  ^  XJ 

H-  ^  ^  <o 


*0 


«0  Vo 
’Ci 


^ 


Tt^kh  4 


.  TABLE  7 

Z0Z4  rivets  in  lap  joints  of  clad  aluminum  alloy  sheet 


pttjf  f 

S7<m  J 


3  5 

•2,  ^ 

wl 


S  s  ^  5  33 

lO  Vr>  ^  ^  ra  M 


T  ^  :::;  CJ  ^ 

2;  ^  s  !2 


>r>  J2  S  ?  ^ 

wi  3  Si  2  - 


m  ^  ^ 
it  ^ 


r  -  ^ 

_ 

S,  * 

2  ■* 
V.  r  5  4 

5  h  c  '* 

T  S 

i:  « 
iJv-  ^ 
fc  «  2 


S  t  ^ 

^  2  S  ?  ^ 


^  ^  if  :s 
Q  ^  5  C  Jv 
'^'^2  5  5:;^ 


ai  caioM^o^fsiW 


X  t  J!  2 


fi  2  t  J 

*0  M  **4 


*K 

JJ  (n  ^ 


4,  ^  ^ 

4:  ^  4-  csl 

Kj  *‘4  w  *0 
—  <M  N 


rJ5?iv5Si<S|o'2£:i»2 


n  \f 

c 

c  I 

jc  ^  2  - 
.0  o 


-•  I  iNj  r'  ^ 

^  te  ^ 

^  lo  lo 


V%  Jo 

tn  ;- 

#0  <n  'o 


T  r>  ^  N 

4.  ^  1^ 

io  4" 


O  N» 


V  i* 

V  «*  ^  j* 

>  5 


^  V> 

q: 

-5  ^  >t 

J  ;  »  ;  ♦ 

I  S  m 

OQ  «» 


o  *.•  5  w> 

i  ^  H  2 

E  s  ^ 


4f  to  V  lo  V  ^  W 


•n  'o  «o 


H  H  ^  ^  • 


<5  or 

M  ^ 


\  <t  ^ 

^4  ^  »o 


Vi  io  V2 
-n  H  <^  H  Q 

4-  4" 


=  SI 


•T«fc/tfA7 


TABLE  8 

014  RIVETS  V  LAP  JOINTS  OF  CLAD  701f~T6  SHEET 


in 


^  "5  2 

i*  J 

or  \> 


to 

S7-fll  AfpJ 


J  X  -4 


V,  _  ^ 

Q  »  r> 


t  :  C  s 


fr>  ^ 

^  *  Nl 


1^  r* 


c 

•*-  ^t:  JJ 

<»»  'y  ^  'O 

1^5=“ -* 


fn 

«s 

ro 

0« 

0* 

r> 

r> 

l*V 

rk 

r- 

d* 

M 

M 

m 

>i 

K 

r» 

«v4 

N 

N 

*M 

M 

'VA 

SSS»!!~S3S?2a 


«  >-  >f  • 
?  ^  "2  'O 

t  HL 


% 

5-1^ 

2 


»n  V, 

r>  60  ^ 

IC  A|  N  1^ 


_  ;s 


v» 

^ioraMr^rJ 

12-^  —  -^S^cmmCVjNNM 


•r>  V| 

?S|s  =  :£sS£:S;5 


Wl  ^ 
f>4  OC  Q 

to  u 


V. 

ti  V» 

^  V  t; 

^  kS 

;| 


c 

0»  4C 


m  ^ 

5  <b  - 


^  --  5 


-i^  5H 
«  «<> 
•2'Oq 


^  c 

^  5  >  ^ 

P  ^  ^  V  r 

Q  ®  ^  «t 


Sirs 


'  «st  "J  ^  "5  ^ 
:t  ^  2  5 

5  ^  i2 

m  «a  “0 


■5^  -5^  -  ^ 


O  X  ^ 

l-J^ 


'V  Ni^  \J^ 


■Jn'f'5■«■^;S•■5;j^■2^?’;■=^^ 

5InK<*^5«o**in 

,S  JO  ■»  sQ  «*i  «a 


M I  >5  5  *5 


-  =  5 


Tmhit'  e 


AH  the  y%Fpr^  ^Hrex<  driver^  wUh  ^  Cone  Fomt  ssf 


«  « 


S  s 


«1 

% 

4 

•? 

tJt 

Vj 

< 

> 

_ 

K 

U4 
Uj 

X 
<0 

ft 

a  |I‘|S 

|S;tt«  >1 


Ct 


^<-  it 


o* 


n 


f4 

fl 


7»  ^ 

b'  r*- 

^  j  ^  -S-S  ^ 


^ .  5  |S  ^ 


I:" 

3 


tl  ^  e'^  ■$  n 

^Z' - ^  ' 

i:  ^5  2  ^ 

^  ^  5 


V# 

X* 


5? 


ti 


^2 

fJi 


N 

n 


X* 


N  M 

S 

3  5 

<a 


*0 

W  ^ 

5: 

}5  5 

5  ii 


cj 


K 

>♦ 


CJ 


S 


K^  n  ri! 


^  ^ 
Js  N 

^  ^  ^ 


K 

X 

3 


3: 

VJ 


5  *  c  2  •• 

■c  .  5  5  « 

H 

M 

t? 

1  j«s  - 

< 

"^T7 

^  .5  5  ~'C 

£ 

£ 

.<? 

5  ^  ^  - 

1 

»»  T  ■» 

•'  3*  % 

4t 

4r 

T* 

r> 

•1 

,  m 

% 

n  ^  XI 

r  •  M 

C 

2 

% 

3  « 

tS! 

5  a  ^ 

s> 

Jp 

Si 

S!: 

it  »> 

P(«5#  u 
S?~$IZ  Aff.  I 


r^hu  9 


I 


! 

I 

I 


i 


*?  *  «  * 
t*  'i'  -?  ^-s 

f 

:  'o 

i 

15 

Q 

•0 

H 

•»»i 

V 

oc 

"^5,  -iS 

^:5t:  64 

3i5l  iS 

6% 

!  H 

*0 

^  T  5 

N 

^1  t 

_  i  4  ^ 

^  »  li 

:  >• 

N« 

C 

4[ 

0. 

c 

•%» 

X 

iM  i  i 

fer 

m  Q 

'^i 

a.i 

3 

sr 

13: 


«VJ 

N 


f  « 
i^  -V 


% 

il 


.« 

C 

I 


JQ 


-  4 
i  i 


1 1" 
^  |2 


V> 


% 

N 

,  ft: 

U) 

X 

> 

!3 

K  ' 

M 

s 

« 

£ 

s 

• 

• 

z 

i 

>! 

>  ■ 

% 

$ 

c 

1 

z 

$ 

§ 

5k 

M 

.6 

0 

c 

^ 

^ 

«l 

.  Hk - 

M 

% 

a 

.V 

r 

« 

*0 

= 

•• 

% 

fS 

S 


fk$f  72' 
S7r  fU  A^  I 


T4^#  M 


fkft  I) 
tti,  Aff.  I 


^  ^  ^  ^  ^  ^ 


Q  «g  ^  O 


rs 


sife 


i  K 


iS 


i-ai 


•'*  'I*  2!  t 
'*  ^  2:  2 
N®  ^  J2 


.-4-  .. 


5  s  ft  II  3 

^  >  la  <\l  M 


V 


^  v>  K 
55  n  N 

5  5  !! 


ssssi  ass» 
ssstas  »2|* 


JS  N  it  ^  5 

5  S  5  *'*  53 


>•  ^  >«  ^  >«  >• 


^  ^  w> 

^  ^  ^  M 

^  ^  ^  ^  ^ 


-  SSi 


5  s  i  s 

2  **  •*  rl 
*•  2  ^  N 


»*  v>  >•  '•i 


JSf  5 


> 

.. 

«5 

■ 

« 

•  <«> 


% 


C 

s 

% 

V 


?i 

N 

%i 


% 

c 

~  « 
|S 

si 
«  ^ 
^1 


. . — 

J5 

2 

'  ^  $ 
i  -5  ^ 

«  a  r  =  « 

I;  ^  ‘ 

^nI  i 

V  « 

•< 

■’■  . . .  '-jr 

.2 

::  i  ^ 

r  r  «  ,  a 

X 

1  -  *  » 

•n 

•< 

Jf  % 

"?  >1  ^ 

- -  ,  ..  .. 

9 

.  '  ^ 

k 

,st 

€  «  «l 

S  »  s  *  »  4^ 

e 
•« 

lO  '  •  • 

^  E  £ 
—  «  « 
^  <0  v> 

*K  ^ 

5  .1* 


z  S  9  2  Z 


S  •-  . 


IS 


if 


JSt 

^  to 

V  ^ 

u 

^  >•  o  s  w 

i(ji  >5 

5:^ 

S-5 

. . .  .♦ 

' 

' 

. . . ,..., 

i« 

^  v* 
1?'  ^ 
Ii:_3 

♦»  '5 

%: 

V| 

S  o 

J  »  2:  •  - 

K 

^  V 

?  5>c 
<* 

^  N  «.. 

^  ^  -i£  ff  < 

^  -r  r  t- 

dij^  5  s 

t  r  ^  2  cpi 

t  «J  •! 

^  2  .M  o 

n.:? 

C:  2  •'> 

^  f>» 

•tt 

^  1 . ^  „ 

5*  2  "  1- 

*7  «vt  'r  *5  ts 

5ii  i-iJc’ 

">  t  ^ 

¥ 

2  -  5 


^  ^4  ^  ^  f4 

?  S  !•  ?  ^ 


*?  *'  '^ 
SJ  s 
V  •*  n 


/4 

St-W.  A^i 

^  51-  M  n 

>•  .  ♦  *n  ^ 

CM  -"x*  •  •^  •  liv  ^ 


.  T 


►> 


•i  •  u>  *  ;3  *  ^ 

S;  ,  J*  ,  Jt  5? 

=  %*  -  -;*>*i 


«3  •"  V  —  '^ 


N»  t;  N 


r* 

s; 


^  3  5  J 


KtK|<KsrfH2 


W>«*>  **9^0»^Xt-XfTxr>^^ 


|>  - 


%% 

%  C 

M  ^ 
<  M 

iS  "»  f 


C) 

•m 

N 

U| 

'^- 

5r 

Sf 

v>l 

K' 

^r 


9  .c  ^ 

*  ;5> 

■X  t ,: 

5  S  1 

l5  Q  ^ 


Ml 


t» 

c 


I 

I 

M* 


« 


n  S  *2  ^ 

=  S  ■  S^  =  S  =  ♦“  * 


<5’  Q'  «  = 


N  •- 


5^3322^ 55 35S 


n  j!: 

§  !3 

- 


fli « t: 


^  ^  ^  <M 


r 


5  "s.  ?  2  *5  :  ^ 

. . 


W  5  S*  5  *3 

1  H  jj  H  H  s^ 

Xt 
t- 


J 

K  ,, 
«) 


S  y^ 

H  it 


Y 


%  i> 

y 

H  n 


I  s 

4" 


S  ' 

i  VI 


-  «  =  »  =  3t  * 


S  2 


$ 


tn  ^ 

S 


M  • 


W»  lr|  Jt*  V**  W  •> 
M  04  ^  CM  ^4  ^ 


M 

irN,^isi;n«>.^^ 

6c  5  ♦:  ^  ''. 


^  ^  ^  $ 


4c 

.  JC 

:c 


C  X 

h^ 

Ik 

-c 

M 

^  ■ 


-  “>  5  iS  « 


m 

eS 


M  %  V  , 


M 


s  »  X 


TABLE  14 

SUMMABr  OF  A6IN6  EFFECTS 


/ 


^5#.  U 

4^.  / 


?) 


C 
■  ^ 


* 

5  k'*' 
±:.  .  !0  .. 


^  <1 
4  " 


u.  .  V.  -'t  c! 


^  -i? 

w>  ^  ^ 


^  ^  ^  n  ^ 


iJ  fe 


l2  S 
•**-  ^ 


{ 


1 


"nilUty  /4 


